Over this 60-year period there have been changes in the information sought regarding age at census and death registration and improvements in the exposed-to-risk formula; these are summarized in Table 1 . 2. The crude rates of a mortality experience always show irregularities.
If the data and methods of calculating these rates are accurate then the irregularities would be expected to be distributed in accordance with the binomial distribution and hence to have a variance (i.e. the square of the standard deviation) of pxqx/Ex. If, however, the data and methods were faulty then the variance of the irregularities would be greater than that of the binomial distribution.
3. Redington and Michaelson(1) proposed a test (the rx test, see Appendix) to study the irregularities of a mortality experience and in 1974(3)) I suggested that this test could have relevance to the accuracy of the method by which the crude rates were obtained. The purpose of this note is to apply the rx test to the crude central rates of mortality at the individual ages of 20 to 90 of the last six English Life Tables; these rates were obtained by dividing the three years' deaths by the exposed-to-risk used in the official calculations (see the various Decennial Supplements of the Registrar General). In the case of English Life Tables Nos 8, 9 and 10 the crude rates at individual ages are not shown in the Decennial Supplements, since King's method does not require these rates to be calculated at any stage. The ultimate result of applying the rx test to a mortality experience is a figure for the variance of rx (denoted by If the irregularities of the experience follow the binomial distribution the value of would be around unity and any excess of over unity is regarded as giving a measure of the inaccuracy of the methods and of the data; the larger the excess the greater the inaccuracy.
It must be emphasized that this investigation is concerned only with the basic data and the resulting crude rates at individual ages; the method of graduation, for example, King's method, subsequently used does not enter into the discussion.
4. The values of obtained using the official exposed-to-risk are given in Table 2 . For comparative purposes the table also shows for each Life Table the values of when the exposed-to-risk is taken as 3Px (where Px is the census population at age x).
5. In discussing Table 2 the effect of changes in the information asked regarding ages and in the exposed-to-risk formula will be considered. However, Note: The figures in cols (4) and (6) are given in parentheses when the official exposed-to-risk is also 3Px.
and the Exposed-to-Risk of the English Life Tables
the fluctuations in the number of births from year to year are also relevant. 6. To assist in discussing Table 2 , I prepared large graphs of the population by age and sex recorded at each of the censuses from 1911 to 1971 and similar graphs of the deaths on which the English Life Tables are based. It is impracticable to reproduce these graphs here as many of the features referred to are small scale and would hardly show up on a printed page in the Journal. However, the census graphs have considerable similarity with the main features of Figure 1 if the levels for the earlier years of birth are progressively depressed to take account of deaths.
ERRORS IN RECORDED AGES
7. One type of error in the recorded ages is a preference for ages ending in certain digits. For example, the 1911 census shows an excess of digits 0, 2 and 8, while digits 1 and 7 are in deficiency. These preferences appear on my graphs of the 1911 census for both males and females as a jagged saw-tooth effect imposed on what would otherwise be a fairly smooth curve. The corresponding graphs for the 1921 census have a similar jagged feature but of noticeably smaller amplitude. The graphs for deaths in 1910-12 and 1920-22 show similar features to those of the census population, but the proportionate decrease in amplitude is somewhat smaller. It therefore appears that the age errors due to digit preference have decreased from 1911 to 1921 and this impression is confirmed by statements in the text of the corresponding Decennial Supplements. It will be seen from Table 1 that the 1921 census form asked, for the first time, for the age in years and completed months; this change might be expected to increase the accuracy of age statements. However, no such change was made at death registration and this might be the reason for the proportionately smaller decrease in the amplitude of the saw-tooth effect in the case of deaths. Improvement in the accuracy of age statements (not only as regards digit preference) may perhaps have been due to increased familiarity with form-filling arising from the 1914-18 war.
8. It will be seen from Table 2 Table 2 until E.L.T. No. 13 is reached. The reduction in for E.L.T. No. 12 is attributed to the use of a more accurate exposed-to-risk formula (see § 15) and virtually the same formula was used for E.L.T. No. 13. Now for E.L.T.
No. 13 the date of birth was required for the first time (instead of age) at both census and death registration. It seems reasonable to think that there would be less likelihood of an incorrect date of birth being given, either deliberately or otherwise, than an incorrect age, because age changes continuously whereas date of birth is fixed. As the only important change between E.L.T. No. 12 and No. 13 appears to be in the age information, some or all of the substantial reduction in between these two tables can be attributed to improved accuracy in recorded ages. It will be interesting to see whether the low values of for E.L.T. No. 13 persist in future English Life Tables.
CALCULATION OF EXPOSED-TO-RISK
11. The official exposed-to-risk of the first four of the six English Life Tables  being considered  was taken as Table  2 may arise from age inaccuracies in the data, the values of for E.L.T. No. 9 to No. 11 and for E.L.T. No. 12 and No. 13 with an exposed-to-risk of 3Px (cols (4) and (6)) are usually high and very variable. This would seem to indicate that an exposed-to-risk of 3Px (with or without adjustment to the midpoint of the year) produces a series of rates of mortality which are far from smooth and show deviations greatly in excess of binomial variance. These values of show no tendency to reduce for the later English Life Tables, even though the ages are becoming more accurate. This is probably due to the large fluctuations in the annual number of births which started after 1914; these will render an exposed-to-risk of 3Px very inaccurate at progressively more and more of the younger ages from E.L.T. No. 11 (where they first enter the data under consideration) to E.L.T. No. 13 in which they extend to about age 56. The effect of any factors tending to reduce the inaccuracy of 3Px could thus be masked by its increasing inaccuracy at the younger ages.
13. It is of interest to notice the varying effects on of adjusting the census population to mid-year. In E.L.T. No. 8 the method used resulted in increasing the 1911 population at every age by a series of factors which changed only at quinquennial ages and progressed fairly smoothly. Thus while the general level of the mortality rates was reduced their third differences were comparatively little disturbed and, as Table 2 shows, the resulting values of were not appreciably changed. Thus the rx test is insensitive to any errors which change the level of the mortality rates in a smooth fashion. 14. The adjustment of the 1951 census to mid-year for E.L.T. No. 11 was made only at ages over 44 and was done "with the help of the statistics of deaths in the second quarter of 1951". For both males and females the adjustment increased the census figures at about three-quarters of the individual ages and reduced them at the remaining ages, with little regularity of pattern with increasing age. The overall effect of the adjustment as compared with an exposed-to-risk of 3Px was, as Table 2 shows, to increase slightly for males and reduce it substantially for females. My calculation sheets show that comparatively small changes in the exposed-to-risk, if irregular, can make large changes in the third differences of the crude mortality rates and hence lead to large changes in 15. It was not until E.L.T. No. 12 that the use of the crude exposed-to-risk of 3Px was discontinued. A more accurate figure for each age was obtained from the census populations and the tabulations of registered deaths by a formula which estimated the number of years of exposure-to-risk during the period in which the deaths occurred. The improvement effected by the new formula used in E.L.T. No. 12 is shown in Table 2 by the lower values in columns (3) and (5) as compared with those in columns (4) and (6) where 3Px was used. However, even the reduced values of show variance significantly in excess of binomial variance. This is no doubt accounted for by some residual age and other errors in the data. For example, the Decennial Supplement mentions the relatively small number of deaths recorded at ages 66 and 71 for males and at ages 61 and 66 for females, a feature which "has persisted for very many years", and which still shows up in E.L.T. No. 13.
16. It is perhaps a little surprising that an exposed-to-risk of 3Px continued in use for so long. Perhaps it was thought that the data was not sufficiently accurate to justify greater precision and that King's method, by operating on quinary age groups, would deal satisfactorily with the various distortions.
Even so as ages became more accurate, the distortions of the progression of the male population curve due to deaths in the 1914-18 war became apparent in E.L.T. No. 9 between ages 20 and 45 and the distortions of the great variations in annual births from 1915 onwards entered the tables. One wonders whether the equally simple, but perhaps more accurate, exposed-to-risk formula Px-1 + Px+Px+1 was ever considered; it seems likely to deal with the two distortions just mentioned better than 3Px. However, if digit preferences were present to a substantial degree and the same preferences applied to both census and deaths (which appears to be the case for E.L.T. No. 8) it might be expected that 3Px would be more accurate.
17. As a matter of interest I calculated for E.L.T. No. 8, males, and E.L.T. No. 11, males and females, using as the exposed-to-risk Px-1 + Px+ Px+1. Table 3 compares the results with those given in Table 2 for an exposed-to-risk of 3Px. 18. Table 3 shows that for E.L.T. No. 8, males, Px-1 +Px+Px+1 gives a value of more than double that for 3Px and thus vindicates the judgement of our and the Exposed-to-Risk of the English Life Tables Table 2 of for E.L.T. No. 13 give rise to the hope that the population data of England and Wales may be approaching this same standard of accuracy without recourse to the system of individual registration used in the Netherlands (see Appendix).
